Abstract A complex anthropological survey based on population-genetic methods and a study of a wide spectrum of genetic systems (43 alleles from 17 independent loci) was undertaken among 450 Buryat women of post-reproductive age. The results obtained showed the influence of particular genetic markers and their complex on the formation of peculiarities in the reproduction structure of the Buryat population. A sharp increase in phenotype GC 2-2 frequency and the corresponding GC*2 allele of the group-specific component (GC) was established for women groups with burdened obstetric records. These groups are characterized also by a considerable decrease in the observed geterozygosity (H o ) as compared to its expected value (H e ). Samples including women with multiple pregnancies in the recorded obstetric anamnesis are characterized by a significant increase in the frequency of the rare alleles TF*C3 of the transferrin system and those of PI*Z belonging to the proteinase inhibitor system (a 1 -antitrypsin) as compared to the control group. The results obtained widened current knowledge about the influence of genetic and environmental components on reproduction processes in human populations.
Introduction
Studies of the genetic basis of the human reproductive process are extremely important. However, earlier investigations performed in this field were devoted mainly to medical genetics and the problems of human adaptation to the impact of environmental factors: Mourant et al. (1978) ; Dubrova (1987) ; Lecomte et al. (1993) ; Kelso et al. (1995) ; Kucher (2001) and others.
Several works analysing the relation between individual reproductive characteristics and genetic characters used limited data, often with few genetic markers.
The information presents the results of examinations of Buryat women with completed individual reproduction. Our developments are based on understanding the genome as an inter-related integral system rather than an aggregation of independent genes. Therefore the peculiarity of the work performed was in the complexity of the task to study genetic aspects of reproduction in populations using the widest complex of gene loci. As a working hypothesis we assumed that the reproduction effects of individuals depended upon the interaction of environmental and genetic factors.
Materials
Buryat people form the largest native nation of Southern Siberia living around the region of the Baikal Lake.
Complex medical and genetic fieldworks undertaken in the Buryatia Republic in the years 1986-1989, and 1998, allowed us to collect representative population-genetic and biodemographical data. The work presented is devoted to the genetic analysis of reproduction in 12 Buryat populations. Western Buryats (Ust'-Ordynsky national district) were examined in ten villages: Olkhon, Bayangazuy, Kukunut, Kharazargai, Novo-Nikolaevsk, Khabarovsk, Muromtsovka, Baitog, Gakhany, Akhiny. Eastern Buryats (the Aginsky national district of Buryatia) were studied in Suduntuy and Sakhyurta villages (settlementsϭset.).
Methods
The work organized within the western and eastern Buryat women groups was carried out in three directions: 1) A study of phenotypic and allele frequencies of serologic, genetic-biochemical, sensoric and other systems, namely: blood groups (AB0, MN, RH); serum proteins (haptoglobin (HP), transferrin (TF), vitamin-D-binding protein (GC), proteinase inhibitor (PI), the third component of the complement-system (CЈ3), and serum enzyme pseudocholinesterase of the first locus (E1)); and red cell enzymes [acid phosphatase (ACP1), phosphoglucomutase (PGM1), esterase D (ESD), glyoxalase-1 (GLO1), 6-phosphogluconate dehydrogenase (6-PGD), adenylate kinase (AK), phosphoglycolate phosphatase (PGP), superoxide dismutase (SOD-A)]. Inherited dimorphism related to the excretion level of beta-aminoisobutyric acid (BAIB) was also determined. We registered sensitivity to phenylthiocarbamide (PTC), as well as color vision and dimorphism in consistence of ear wax (cerumen) (Spitsyna et al., 1995 (Spitsyna et al., , 2004 .
2) The same individuals were examined for their peculiarities in reproduction to separate: a) the control set with a normal reproductive system; b) women having many children, c) women having pathologies in their obstetrical history (spontaneous abortion, miscarriages, still-borns), and d) women having multiple pregnancies, within each of the studied Buryat groups (the western, eastern and the summary (total) groups).
3) A comparative genetic-demographic analysis of reproduction of 450 individuals was also undertaken.
Applied statistical procedures included cluster analysis, PCA for genetic frequencies according to Harpending and Jenkins (1973) and calculation of genetic differences for every compared pair of populations, Pasekov (1983) followed by determination of Nei genetic distances and arraying. Multidimensional scaling according Terekhina (1986) and Davison (1988) enables us to visualize the structure of interconnected population distances. Canonical discriminant analysis aimed at determination of canonic variables (discriminant functions) reveals most important directions in the inter-population variability, Seal (1966) . Mean values of canonic variables represented by diagrams enabled us to visualize the taxonomic variability of a big set of initial characteristics. Table 1 presents statistically significant differences in allele frequencies between the groups with different reproduction characteristics. Table 2 presents estimations of the observed (Ho) and expected (He) heterozygosity values according to the 12-codominant genetic and biochemical loci aggregate studied in the post-reproduction cohort of the Buryat women that was grouped with respect to their reproduction peculiarities.
Results
The mutual arrangement of the western and eastern Buryat groups under consideration (the multiple pregnancy group being excluded) in an area of frequencies for 43 alleles belonging to the studied loci is shown in Figs. 1 and 2 .
Figures 3 and 4 present the analysis of the summary for Buryat women groups united for both areas (western and eastern). Table 1 shows a significant difference between the western (Pribaikalje) and eastern (Zabaikalje) control groups of Buryat women separated by frequencies of the *P-allele in the ABO system, the *C2-allele of the transferrin (TF) gene, and the *Callele of the 6-PGD (6-phosphogluconate dehydrogenase) (pϽ0.05). The nature of this differentiation reflects historical stages of the Buryat western and eastern sub-ethnos formation.
Discussion
The data obtained bear no witness to differences between western and eastern groups of women with many children in the majority of genetic loci; the observed heterogeneity in the ABO and 6-PGD systems was believed to occur due to subethnic peculiarities. The two Buryat groups with burdened obstetric histories demonstated heterogeneity in TF*D allele frequency (the Zabaikalje group was noted for its higher frequency). That is likely to be due to the increasing proportion gradient of the ͗͗Far-East͘͘ allele TF*Dchi in this population.
The most interesting seemed to be a comparison of the summary (two-region) groups of women of different reproduction characteristics with the control group. It showed that the Buryat women with a burdened obstetric history differed sharply from the ͗͗normal͘͘ group in distribution of frequencies of alleles belonging to the system of a groupspecific component (GC). The GC*2 proportion in the former group was two times that of the control group (0.3864 as compared to 0.1638 correspondingly; c 2 =12.89, pϽ0.05). Buryat women with multiple pregnancies were characterized by an increase in frequencies of the rare allele TF*C3 of the transferrin system and those PI*Z in the system of the proteinase inhibitor (alpha-1-antitrypsin) as compared to the control group, where the proportion of these factors did not reach the polymorphism level (pϽ1%).
The high PI*Z frequency in the Buryat groups is related to the enhanced fertility and multiple pregnancy effect in particular. The results found corresponded to our earlier data that had shown the increase in rare allele frequencies in indigenous populations of the Murgab mountain tableland (Eastern Tadjikistan). In Pamir populations, the increase in fertility among individuals with PI*Z had been related to reproduction compensation that supported the genetic diversity of genes PI.
The cohort of women possessing many children showed no characteristic features in its genetic structure when compared to the women group with the normal function of reproduction.
As evidenced by the analysis of the mean observed (Ho) and expected (He) heterozygosity values obtained from a 12 codominant loci aggregate (Table 2) , the fixation index value (F) in most cases deviates slightly from the zero value. This pointed to compatibility of the observed mean heterozygosity values and the ones theoretically expected. However, there was an exclusion for the women group with burdened obstetric histories, in which the observed heterozygosity according to the examined loci aggregate deviated considerably from the expected value with an isogametization tendency in the complex of studied genes. In this case the value for the fixation index was more than an order higher compared to its value in the other groups under discussion.
Statistical analysis (PCA, Nei genetic distances, canonical (Figs. 3 and 4) . The cohort of women with multiple pregnancies appeared to be small. Therefore a comparative analysis of the Pribaikalje and Zabaikalje Buryat women included three groups: a) with normal reproduction (control group), b) with burdened obstetric history (miscarriage, spontaneous abortion, still-born), and c) with many children. As expected, western and eastern Buryat women with a burdened obstetric history (ZP, VP) were located far from the other cohorts in reference to the studied gene aggregates; they were also diametrically remote from each other.
The groups of women with many children (ZMD, VMD)
were situated close to the control ones (ZK, VK), which reflected historical stages of reproduction in human populations when having many children in families was the norm. One should underline that here is proximity of the two reproduction norms: the historical and current ones. Localization of all the Buryat groups that differed in reproduction peculiarities, including the group of women with multiple pregnancies as shown in Figs. 3 and 4 in the space of gene frequencies for 47 alleles, revealed a similar picture of group differentiation and a characteristic position of the cohort with multiple pregnancies.
The contribution of the studied alleles to the total variability as presented in Fig. 5 demonstrated the location of alleles associated with the investigated reproduction cohorts of women. The results obtained bore evidence that a maximum contribution to the total variability was made by genetic 348 Genetic Analysis of Reproduction Fig. 1 Location of different Buryat groups in a space of gene frequencies (PCA): ZK-western control group; VK-eastern control group; ZMD-western group, many children; VMD-eastern group, many children; ZP-western group with pathologies; VP-eastern group with pathologies. Fig. 2 Location of different Buryat groups in a space of gene frequencies (multidimensional scaling of Nei distances): ZKwestern control group; VK-eastern control group; ZMD-western group, many children; VMD-eastern group, many children; ZPwestern group with pathologies; VP-eastern group with pathologies. systems RH, GC, MN, ABO, TF, and Cerumen. Thus for example, the Buryat women group with obstetric pathology was characterized by an increase in frequencies for Rh*d-, GC*2, Cer*W, PTC*t, and TF*D (diagram left). On the other hand, the women cohort with multiple pregnances in the records possessed no Rh(Ϫ) subjects, and had the highest frequency of factor Cer*d, a polymorphic concentration of the rare allele PI*Z, and a high frequency of allele TF*C2 (diagram right). The central part of the diagram was occupied by alleles identified as belonging to the control and women groups with many children that evidenced their genetic closeness.
Hence a comparative genetic analysis of the Buryat women groups performed with due regard to their reproduction peculiarities and based on multivariate statistics carried out for the complex of 43 alleles of 17 independent loci enabled us to reveal specific genetic peculiarities related to reproduction.
In general the anthropological genetic analysis of the Buryat reproduction recognized a close relation of the gene pool to the reproduction in populations. 
